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ANIONIC HYDROGEL MATRICES WITH PH DEPENDENT MODIFIED 

RELEASE AS DRUG CARRIERS 

The present inventioii relates to compositions with pH-dependent 
modified release, consisting of hydrogel matrices containing one or more 
active ingredients incorporated in them. 

The matrices according to the present invention are suitable for 
releasing said active ingredients in a prolonged pH-dependent manner in 
given sites of the body. 

In the pharmaceutical technology sector it is known that a number of 
drugs are inserted in formulations modified in such a way as to release 
said drugs in specific sites of the body. 

Thanks to this procedure it is possible: (a) to obtain a prolonged 
period of action of the drug in the place where it is useful; (b) to avoid 
instances of rapid release of the drug with side effects at local level, e.g. 
gastric; (c) to avoid high peak blood levels of the drug, which are the cause 
of unwanted toxic and side effects at the level of the other districts of the 
body. 

Matrices useful for the delivery of active ingredients are already 
known in the medical field. 

For example.. Drug Dev. hid. Pharm. 13 (6), 1001-1022, (1987) 
describes a procedure for producing and using colloidal silicate matrices 
that carry active ingredients. 

US 4,608,248 describes a methylcellulose- and hydroxy- 

methylcellulose-based inert matrix. 
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EP 0453001 describes a pH-dependent multiparticulate matrix for 
the controlled release of active ingredients in the lower parts of the 
intestine. . 

Additional controlled- or modified-release matrices are also known. 
5 In fact, the preparation of modified- or controlled-release matrices can be 
done using various known techniques, for example, by means of the use of 
inert matrices in which the main component of the structure of the matrix 
exerts resistance to the penetration of the solvent due to the weak affinity 
for aqueous fluids (lipophilia); or by means of the use of bioerodable 
10 matrices that are degraded by enzymes in given biological compartments. 

The above-mentioned matrices are not without disadvantages; in fact, 
the inert matrices generally effect an exponential-type uncontrolled release 
when they enter into contact with body fluids. 

While the bioerodable matrices may be ideal in terms of their so- 
15 called "^controlled-release site", they present the disadvantage of needing an 
appropriate en^mae or degradation reagent, and in addition, these matrices 
release metabolites in situ that are not completely inert firom the 
toxicological point of view. 

In the medical field there is still a strongly perceived need for new 
20 modified- or retarded-release matrices, that are biocompatible and of the 
""controlled-release-site" type. 

It has now been found that a new class of pH-dependent controlled- 
release-site hydrogel matrices are suitable for delivering active ingredients 
to the ileimi and colon, far from the acid milieu of the stomach and for 
25 releasing said active ingredients in a prolonged manner. 
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The hydrogel matrices according to the present invention are 
obtained in different forms and sizes by chemical reticulation by means of 
irradiation of copol3rmers containing photoreticiilable groups, in the 
presence of acid comonomers. 

In particular, the anionic hyrogels according to the present invention 
are obtained starting from derivatised polyaspartamides (PHG and PHM). 

The copolymer PHG is obtained by suitably derivatising a,p poly(N-2- 
hydroxyethyl) D,L aspartamide (PHEA) with glycidyl methacrylate (GMA). 

The copolymer PHM is obtained by suitably derivatising a,p poly(N-2- 
hdroxyethyl) D,L aspartamide (PHEA) with methacrylic anhydride (MA). 

PHEA is a poisoner with a protein-like structure obtained by reacting 
a polysuccinimide (PSI) with ethanolamine. This polymer possesses 
biological and physico-chemical properties such as to make it an excellent 
candidate for biomedical and pharmaceutical applications (Pitarresi et al, 
J. Bioact. Compat. Poljnn. 11; 1996, 328-340; Giammona et al, J. Pharm. 
Pharmacol. 49; 1997, 1051-1056). 

The matrices according to the present invention are not toxic, 
because they are derived from completely biocompatible substrates.. 

Said matrices are obtained, for example, by chemical reticulation by 
means of irradiation of a polyaspartamide derivatised with glycidyl 
methacrylate or with methacrylic anhydride, in the presence of methacrylic 
acid. The reticulation leads to the formation of hydrophilic three- 
dimensional structures insoluble in water, defined as hydrogels. Precisely 
by virtue of the hydrophilia, these systems absorb water and swell in 



wo 2005/094792 PCT/IT2005/000081 

4 

aqueous media, and the presence of acid groups within the network 
endows them with pH- sensitive behaviour. 

The matrices thus obtained are useful for the delivery and pH- 
dependent controlled release of active ingredients which are useful in the 
5 medical and veterinary fields. 

The matrices according to the present invention may be of different 
forms and sizes, such as, for example, nanoparticles, microparticles, gels, 
films, cylinders or sponges. The preferred form consists in microparticles.. 
The drug is incorporated in the matrices before or after the irradiation 
10 phase, and subsequent drying. 

The object of the present invention therefore consists in anionic 
hydrogel matrices obtained by chemical reticulation by means of irradiation 
of a polymer suitably derivatised with photoreticulable groups, in the 
presence of acid comonomers; 
15 in which the polymer is selected from the group consisting of: 

polyaminoacid polymers, polyaspartamide pol3mriers, acrylic or methacrylic 
acid polymers, alkylvinyl pol3nners, hydroxyalkyl cellulose, carboxyalkyl 
cellvQose, polysaccharides, dextrins, pectins, amides and derivatives, 
S3mthetic or natural rubbers or alginic acid; the preferred polymer is a,P 
20 poly(N-2-hydroxyethyl)D,L aspartamide (PHEA); 

in which said photoreticulable groups are derived from the insertion 
of glycidyl methacrylate (GMA) or methacrylic anhydride (MA) in the side 
chain of PHEA; 

in which said acid comonomer is selected from methacrylic acid or 
25 acrylic acid; 
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in which said radiation agents are selected from the group consisting 
of gamma rays, beta rays and ultraviolet rays. 

A further object of the present invention consists in anionic hydrogel 
matrices obtained by chemical reticulation by means of irradiation of a 
polyaspartamide derivatised with glycidyl methaciylate and v^th 
methacrylic anhydride, in the presence of methacrylic or acrylic acid, in 
which the polyaspartamide is a,p poly(N-2-hydroxyethyl)D,L aspartamide. 

A further ^object of the present invention consists in pharmaceutical 
compositions for the prolonged pH-controUed release, in the terminal part 
of the intestine, in the ileum and colon, of one or more active ingredients 
selected from the group consisting of: 

- analgesic agents, such as acetaminophen, phenacetin and sodium 
salicylate; 

- antitussive agents, such as dextromethorphan and codeine phosphate; 

- bronchodilators, such as albuterol and procaterol; 

- antipsychotics, such as haloperidol and chlorpromazine; 

- antihypertensive agents and coronary dilators, such as mono- and 
dinitrate isosorbide and captoprU; 

- selective 6-2 antagonists, such as salbutamol, terbutaline, ephedrine, 
and orciprenaline sulphate; 

- calcium antagonists, such as nifedipine, nicardipine, diltiazem and 
verapamil; 

- antiparkinson drugs, such as pergohde, carpidopa and levodopa; 

- hormones; 



wo 2005/094792 PCT/IT2005/000081 

6 

- non-steroidal and steroidal anti-inflammatory drugs, such as 
ketoprofene, ibuprofene, diclofenac, diflimisal, piroxicam, naproxene, 
ketorolac, nimesulide, budesonide, tiaprofenic acid, mesalazine (5- 
aminosalicylic acid), cortisone, hydrocortisone, betamethasone and 
prednisone; 

- antihistamines, such as terfenadine and loratadine; 

- antidiarrhoeal and intestinal anti-inflammatoiy agents, such as 
loperamide, 5-aminosalicylic acid, olsalazine, sulfasalazine and 
budenoside; 

- spasmolytics, such as octylonitmi bromide; 

- anxiolytics, such as chlordiazepoxides, oxazepam, medazepam, 
alprazolam, donazepam and lorazepan; 

- oral antidiabetic agents, such as glipizide, methformin, phenphormin, 
gliclazide and glibenclamide; 

- cathartics, such as bisacodil and sodiiam picosiolphate; 

- antiepileptic agents, such as valproate, carbamazepine, phenytoin and 
gabapentin; 

- anticancer agents; 

- disinfectants of the oral cavity or antimicrobials, such as 
benzalkonium chloride, cetylpyridiniixm chloride or tibezonium iodide, 
and a momber of aminoderivatives such as benzidamine and 
chlorhexidine as well as their salts and derivatives; 

- sodium fluoride; 

- cardioactive agents; ' 
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- L-camitine and/or one or more alkanoyl L-camitines, in which the 
straight or branched alkanoyl has 2-6 carbon atoms, such as, for 
example, acetyl, propionyl, valeiyl, isovaleryl, butyryl Lr-camitine, or one 
of their pharmaceutically acceptable salts; 
5 and possibly one or more conventional excipients, such as, for 

example, bioadhesives, chitosans, polyacrylamides, natural or synthetic 
rubbers, and acrylic acid polymers, 

What is meant by a pharmaceutically acceptable salt of L-camitine 
or of alkanoyl L-camitines is any salt thereof that does not give rise to 
10 toxic or side effects. 

These acids are well known to pharmacologists and to experts in 
pharmacy: Non-limiting examples of these salts are: chloride, bromide, 
orotate, aspartate, acid aspartate, acid citrate, magnesium citrate, 
phosphate, acid phosphate, fumarate and acid fumarate, magnesiiom 
15 fumarato, lactate, maleate and acid maleate, oxalate, acid oxalate, 
pamoate, acid pamoate, sulphate, acid sulphate, glucose phosphate, 
tartrate and acid tartrate, glycerophosphate, mucate, magnesiiom 
tartrate, 2-amino-ethane sulphonate, magnesium 2-amino-ethane 
sulphonate, methane siilphonate, choline tartrate, trichloroacetate, and 
20 trifluoroacetate. 

What is meant by pharmaceutically acceptable salt of L-camitine is 
additionally any salt approved by the FDA and reported in the publication 
Int. J of Pharm. 33 (1986), 201-217 incorporated herein as a reference. 

Preferred are dmgs useful for the treatment of chronic intestinal 
25 inflammatory diseases, and particularly preferred is propionyl L-camitine. 
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A further object of the present invention is the use of matrices to 
deliver and release one or more active ingredients in a prolonged pH- 
dependent manner, for the preparation of a medicine for the treatment of 
cardiovascular diseases^ tumoxirs, diseases of the central and peripheral 

5 nervous systems, and intestinal diseases. Particularly preferred are chronic 
inflammatory intestinal diseases, such as, for example, chronic iilcerative 
colitis and Crohn's disease. 

The matrices according to the present invention, in the form of 
cylinders or sponges, lend themselves to being used for the administration 

10 of drugs via parenteral or vaginal routes, for example, for the 
administration of hormones capable of synchronising births in the 
veterinary field. 

The preparation procedure for the anionic hyrogels according to the 
present invention was carried out using economic methods in terms of both 

15 production costs and preparation times. 

In this connection, the decision to use radiation, such as, for 
example, in the form of gamma rays, beta rays and ultraviolet rays, proved 
extremely advantageous compared to other reticulation methods involving 
the use of reticulating agents and radical initiators. 

20 In fact, the hydrogels according to the present invention are obtained 

starting from an aqueous solution of the polyaminoacid derivatives PHG 
and PHM in the presence of an acid comonomer (acrylic acid or 
methacrylic acid) using ultraviolet rays, without the addition of any 
reagent, whereas similar matrices are prepared by means of a reverse- 

25 phase suspension polymerisation process, in which the reticulation of the 
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PHG in the presence of acid comonomers (acrylic acid or methacrylic acid) 
occxirs by the addition of reaction initiators and regulators such as 
ammonium persulphate and TEMED [Muzzalupo R. et al.. Colloid Polym. 
Sci (2001) 279:688-695]. 
5 It is clear to any expert in the sector that the use of irradiation proves 

extremely advantageous in terms of the sterility and subsequent 
purification of the product, which does not require any particular 
procedures. 

The following examples illustrate the invention. 
10 The sjmthesis of the anionic hydrogels is done starting from the 

copolymer PHG, obtained by derivatisation of a,p poly(N-2-hydroxyethyl)D,L 
aspartamide (PHEA) with glycidyl methacrylate (Giammona et al.. Polymer 
38 (1997) 3315-3323) and from the copoljnner PHM obtained by 
derivatisation of a,p poly(N-2-hydroxyethyl)D,L aspartamide (PHEA) with 
15 methacrylic smhydride [Mandracchia et at, Biomacromolecules 5 (2004)] 

PHEA, in turn, is derived from the reaction of a polysuccinimide (PSI), 
prepared by thermal poly condensation of D,L aspartic acid, with 
ethanolamine in a DMF solution [Neri etal, J. Med. Chem. 16 (1973) 893; 
Giammona et al., J. Polym. Sci. Polym. Chem. 25 (1987) 2813]. 
20 For the synthesis of the anionic hydrogels according to the present 

invention a PHEA was used with a weighted average molecular weight of 
1,000-100,000, determined by SEC measurements [Mendichi R. et aL, 
Polymer (2000) 41: 8649-8657]. 

To obtain PHG, PHEA was derivatised by reaction with glycidyl 
. 25 methacrylate in a solution of anhydrous DMA (dimethylacetamide), using 



wo 2005/094792 PCT/IT2005/000081 

10 

4-DMAP (4-dimethylaininopjrridine) as the catalyst. The reaction was run 
using different concentrations of catalyst and GMA (glycidl methacrylate), 
so as to obtain photoreticiilable copolymers with different grades of 
derivatisation. In particular, the following conditions were adopted: 
5 a) A molar ratio of derivatising agent (GMA) to PHEA (repetitive 

- units) ranging from 0.01:1 to 10:1 was used; the preferred ratio ranges 
from 0.1:1 to 3:1; and particularly prefeired is a ratio of 1:1; 

b) Molar ratio of the catalyst (DMAP) to the derivatising agent 
(GMA) in the 0.01:1 to 10:1 range; the preferred ratio is in the 0.1:1 to 

10 3:1 range, and particularly preferred is the ratio of 1.5:1; 

c) Temperature: the reaction was run at a constant temperature 
value ranging from 0 to eO'^C; the preferred temperature is 10 to 30°C; 
and particularly preferred is 25°C; 

d) Reaction time: the reaction was run for a period ranging from 1 
15 hour to 10 days; the preferred period is 4 hovirs to 5 days, and 

particularly preferred is 48 hours; 
At the end of the reaction, the product obtained was recovered by 
precipitation in 1-butanol and centrifuged. Various washings were 
performed with acetone, and the product was dried in vacuo. 
20 The PHG jaeld was close to 100% w/w relative to the starting PHEA. 

Each product obtained using the method described was characterised 
by means of spectrophotometric techniques. 

Solutions of the copolymer PHG thus obtained (1-1000 mg/mL, in a 
volume of 0.02-25 mL in bidistiUed water were placed in pyrex test tubes. 
25 To these solutions was added methacrylic or acrylic acid (MAAc or AAc) in a 



wo 2005/094792 PCT/rr2005/000081 

11 

weight-to-weight ratio relative to the PHG ranging from 1 to 80%, the 
preferred ratio being 10 to 60%, and particularly preferred 40%. 

The test tubes used were equipped with a small internal piston, also 
made of pyrex, so as to obtain an approximately 2-mm thickness of the 
5 solution to be irradiated. 

The solutions, after degassing and insufflation with airgon, were 
subjected to UV irradiation (wavelength from 254 to 366 nm) for a time 
period ranging from 0.1 to 24 hours. 

The gel thus obtained was purified by effecting a number of washings 
10 with distilled water, centrifuging after each washing. 

To obtain PHM, PHEA was derivatised by reaction with methacrylic 
anhydride (MA) in a solution of anhydrous DMA (dimethylacetamide), using 
TEA (triethylamine) as the catalyst. The reaction was run using various 
different concentrations of catalysts and methacrylic anhydride, so as to 
15 obtain photoreticulable copolymers with different derivatisation grades. In 
particular the following conditions were adopted: 

e) A molar ratio of derivatising agent (MA) to PHEA (repetitive 
units) ranging from 0.01:1 to 10:1 was used; the preferred ratio ranges 
from 0.1: to 1:1; and particularly preferred is a ratio of 0.5:1; 
20 f) Molar ratio of the catalyst (TEA) to the derivatising agent (MA) in 

the 0.01:1 to 10:1 range; the preferred ratio is in the 0.1:1 to 1:1 
range, and particularly preferred is the ratio of 0.5:1; 
g) Temperature: the reaction was run at a constant temperature 
value ranging from 0 to 80**C; the preferred temperature is 10 to 60°C; 
25 and particularly preferred is 40**C; 
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h) Reaction time: the reaction was run for a period ranging from 1 
hour to 10 days; the preferred period is 4 hoiirs to 5 days, and 
particularly preferred is 48 hours; 
At the end of the reaction, the product obtained was recovered by 
5 precipitation in 2-propanol and centrifuged. Various washings were 
performed with 2-propanol and acetone, and the product was dried in 
vacuo. 

The PHM jdeld was close to 100% w/w relative to the starting PHEA. 
Each product obtained using the method described was characterised 
10 by means of spectrophotometric techniques. 

Solutions of the copolymer PHM thus obtained (1-1000 mg/mL, in a 
volume of 0.02-25 mL in bidistilled water were placed in pyrex test tubes. 
To these solutions was added methacrylic or acrylic acid (MAAc or AAc) in a 
weight-to- weight ratio in relation to the PHM ranging from 1 to 80%, the 
15 preferred ratio being 10 to. 60%, and particxalarly preferred 20%. 

The test tubes used were eqxoipped with a small internal piston, also 
made of P3rrex, so as to obtain an approximately 2-mm thickness of the 
solution to be irradiated. 

The solutions, after degassing and insufflation with argon, were 
20 subjected to UV irradiation (wavelength from 254 to 366 nm) for a time 
period ranging from 0.1 to 24 hours. 

The gel thus obtained was purified by effecting a nuimber of washings 
with distilled water, centrifuging after each washing. 

These pH-sensitive matrices are loaded with active ingredients by 
25 means of two main procedures. One procedure consists in the 
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incorporation of the drug.during the preparation of the hydrogel and, then, 
during the irradiation phase; the other, by contrast, consists in loading the 
drug by impregnating the previously prepared matrix. 

The hydrogels obtained were characterised by means of 
spectrophotometric techniques and swelling studies in distilled water and 
in. media simiilating a number of body fluids (gastric juice, intestinal fluid), 
temperature range 0*" to 60°C). The swelling values indicated a strong 
affinity of the hydrogels prepared according to the present invention for an 
aqueous medium, the extent of which proved to be dependent upon the 
reticulation grade of the product and on the pH and composition of the 
swelling medium (pH range analysed: from 1 to 9). 

E^cample 1 

Synthesis of copolymer PHG-based anionic hydrogels reticulated by 
ultraviolet irradiation 

To a solution of PHEA in anhydrous DMA (500 mg/10 mL) were 
added 579 mg of 4-dimethylaminop5nidine (4-DMAP) as the catalyst. To 
this solution were added 420 microlitres of glycidyl methacrylate (GMA) to 
obtain the copolymer PHG containing vinyl groups. 

The above-mentioned amounts are in agreement with the following 
ratios: 

Molar ratio of derivatising agent (GMA) to PHEA (repetitive units) = 

1:1. 

Molar ratio of catalyst (DMAP) to derivatising agent (GMA) = 1.5:1 
The reaction was run at a constant temperature value of 25° C and for 
a time period of 48 hours. 
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On completion of the reaction time, the product was recovered by 
precipitation in 1-butanol and centrifuged at 12000 rpm for 10 minutes at 
4"C. 

Various washings were done with acetone, and the product was dried 
5 in vacuo. 

The PHG yield was 98 ± 1% w/w in relation the starting PHEA. • 

To an aqueous solution of the copolymer PHG thus obtained (60 
mg/mL) was added methacrylic acid (MAAc) in an amount equal to 40% 
w/w in relation to the starting PHG. This solution, after being deprived of 
10 the dissolved oxygen, was subjected to ultraviolet irradiation at a 
wavelength of 313 nm for a time period of 3.5 hours. 

The hydrogel was recovered, purified by a number of washings with 
distilled water and dried by means of liophilisation. The product obtained 
was weighed (shield: 97% w/w) and characterised by means of 
15 spectrophotometric techniques. 

In swelling studies at different pH values the product displayed strong 
affinity for aqueous media and a pH-sensitive behavioixr pattern. 

EKample 2 

Synthesis of copolymer PHM-based anionic hvdrogels reticulated by 
20 means of ultraviolet irradiation 

To a solution of PHEA in anhydrous DMA (500 mg/10 mL) were 
added 79.44 mg of triethylamine (TEA) as the catalyst. 242 mg of 
methacrylic anhydride (MA were added to this solution in order to obtain 
the copol3nner PHM containing vinyl groups. 
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The above-mentioned amounts are in agreement with the following 

ratios: 

Molar ratio of derivatising agent (MA) to PHEA (repetitive units) = 

0.5:1 

5 Molar ratio of catalyst (TEA) to derivatising agent (MA) = 0.5:1 

The reaction was run at a constant temperature value of 40'*C and for 
a time period of 48 hours. * 

On completion of the reaction time, the product was recovered by 
precipitation in 2-propanol and centrifuged at 12000 rpm for 10 minutes at 
10 4°C. 

Various washings were done with 2-propanol and acetone, and the 
product was dried in vacuo. 

The PHM yield was 98 ± 1% w/w relative to the starting PHEA. 

To an aqueous solution of the copolymer PHM thus obtained (60 
15 mg/mL) was added methacrylic acid (MAAc) in an amount equal to 20% 
w/w relative to the starting PHM. This solution, after being deprived of the 
dissolved oxygen, was subjected to ultraviolet irradiation at a wavelength of 
313 nm for a time period of 3.5 hours. 

The hydrogel was recovered, purified by a number of washings with 
20 distilled water and dried by means of liophilisation. The product obtained 
was weighed (yield: 97% w/w) and characterised by means of 
spectro photometric techniques. 

In swelling studies at different pH values the product displayed strong 
affinity for aqueous media and a pH-sensitive behaviour pattern. 
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E^mple 3 

Incorporation of propionvl L-camitine hydrochloride in the PHG- 
MAAc matrix 

Propionyl L-camitine hyrochloride (PLC) was loaded into the gel 
5 dxaring the reticulation phase. 

. In particular, the hydrogel containing PLC was prepared by UV 
irradiation of a solution of the copoljrmer PHG (60 mg/mL), MAAc (40% by 
weight relative to PHG) and PLC (50 mg/mL) in bidistiUed water. 

Irradiation with UV rays was done for 3.5 hours under argon at 313 

10 nm. 

After the irradiation, the sample was recovered and liophilised. 

pH-related controlled release tests showed that an aliquot of PLC 
(approximately 30%) is released in solutions at pH 1 in a time period of 
approximately 2 ore (the PLC component released is that located on the 
15 surface of the matrix or in the surface layers thereof). On modifying the pH 
of the same solution there is a further release of approximately 40% of the 
PLC (total released: 70%) within a further 4 hours. 

In in-vivo conditions the remaining 30% of the PLC will be released 
during the complete degradation of the matrix in the terminal parts of the 
20 large bowel during the following hours in which the matrix remains in the 
digestive tract. 
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Eicample 4 

Incorporation of propionvl L-camitine hydrochloride in the PHM- 
MAAc matrix 

Propionyl L-camitine hydrochloride (PLC) was loaded into the gel 
5 dviring the reticiilation phase. 

In particular, the hydrogel containing PLC was prepared by means of ■ 
UV irradiation of a solution of the copolymer PHM (60 mg/mL), MAAc (20% 
by weight relative to PHM) and PLC (50 mg/mL) in bidistilled water. 

Irradiation with UV rays was done for 3.5 hours under argon at 313 

10 nm. 

After the irradiation, the sample was recovered and liophilised. 

pH-related controlled release tests showed that an aliquot of PLC 
(approximately 60%) is released in solutions at pH 1 in a time period of 
approximately 2 hours (the PLC component released is that located on the 
15 surface of the matrix or in the surface layers thereof). On modifying the pH 
of the same solution there is a further release of approximately 20% of the 
PLC (total released: 80%) within a further 4 hovirs. 

In in-vivo conditions the remaining 20% of the PLC will be released 
dining the complete degradation of the matrix in the terminal parts of the 
20 large bowel during the following hours in which the matrix remains in the 
digestive tract. 



